plex dielectric permittivity of soils as a function of water content,** IEEE Tram. GeoscL Remote Sensing, vol. GE-18, no. 4 Abstract^-'Periodic assessment of existing and future demands for water within California is one responsibility of the Californie Department of Water Resources (CD WR). The California Irrigated Lands Assessment for Water Management Project represented a 5-year joint research cTtwrt between the NASA and the CDWR with technical support from the University of California ( I C) at Berkeley and at Santa Barbara. The objec tives were 1) to develop and demonstrate procedures for providing highly precise, timely, estimâtes of irrigated area on a statewide basis using Landsat sensor data and 7) to develop, through research with small demonstration sites, a procedure for the inventory and mapping of crop groups on a regional basis. Both manual and computer-assisted analyses were investigated. This paper highlights the statewide irrigated lands inventory where a procedure for statewide estimation of irrigated land using full frame Landsat MSS imagery and sampled ground data was successfully demonstrated. assigned to the CDWR the responsibility for updating and supplementing it. The Department carries out this re sponsibility through a statewide planning program which guides the selection of the most favorable pattern for the use of the State's water resources, considering all reasonable alternative courses of action. The program consists of 1) the periodic assessment of existing and future demands for water, 2) the periodic reassessment of local water resources, water uses, and water supplies, 3) the appraisal of various alternative sources of water, 4) the determination of the need for protection and preservation of water, and 5) the evaluation of water development plans.
Each year the CDWR surveys about one-seventh of the principal irrigated areas of the State. The survey products include maps showing the location and extent of irrigated lands by specific crop type, urban land, and area tabulations for a large number of geographic subdivisions. These data supply input to the many special water-demand related studies conducted continuously by the Department. Ap proximately every four years, the Department makes a statewide assessment of water supply-water demand rela tionships and reports the results in a comprehensive bulletin (California DWR Bulletin 160).
Given the constraints of an area-limited, single-date survey system, NASA has been cooperating with the CDWR and the University of California in addressing the applicability of Landsat Multispectral Scanner (MSS) imagery and digital data to aid water management decision making. These decisions are based partly on information that a Landsat-aided inventory system should be able to provide-namely, 1) the proportion of the total area of the State that is irrigated in a given year and 2) the distribution and area of specific crop types. Toward this first objective, an inventory system was developed to estimate accurately the proportion of land irrigated at least once during the growing season.
II. STATEWIDE INVENTORY OF IRRIGATED LAND

A. Design and Sample Allocation
Based on results of two pilot studies conducted on limited test sites within the state and on consultation with the CDWR, inventory objectives for the statewide test were developed. Goals for the inventory included estimating the proportion of land irrigated at least once during the growing season to within ±5 percent relative error at the 95-percent confidence interval for each of the ten hydrologie basins in California and to within ±3 percent at the 99-percent confidence interval for the entire state of California. The procedure had to be one which would permit implementa tion by the CDWR within their existing in-house capabilities at a cost of less than two cents (1979) per acre and have an operational start-to-finish timing estimate of less than one Areas not containing agriculture were excluded. The mathematical model and sample allocation incorporated a two-phase design with a complete census via Landsat MSS data interpretation in Phase I. Allocation of ground samples was through simple random sampling within strata per Basin at Phase II. Phases I and II were linked using a linear regres sion estimator.
B. Stratification and Sample Frame Construction
Using multidate 1:1 000 000 Landsat MSS color com posite transparencies to generally define agricultural strata throughout California, a list of potential ground sample segments was generated and used as a basis for sample allo cation. Seven strata were identified as being potentially sig nificant in controlling Landsat MSS based measurement error. These strata are listed in Table I .
Ground samples were allocated by hydrologie basin for precision control at that level. Segments were randomly allocated to each land use stratum through use of a nonlinear program algorithm which considered stratum-specific esti mates for Landsat MSS-to-ground irrigated proportion measurement correlation, irrigated proportion variance, and ground measurement cost. From a total population of 6004 possible sample segments, 606 were selected for gound measurement. These segments were delineated on 1:24 000 scale maps and were field checked for irrigated proportions by CDWR personnel over the 1979 growing season. The segments comprised over a half million hectares throughout California. Where necessary, as in cases of multicropping, more than one visit was made to the segments.
C. Landsat MSS Measurement
The estimation procedure was based on complete mea surement of agricultural Sand on Landsat MSS imagery at three critical time periods-late July-early August (when maximum canopy coverage was expected). May (to monitor small grains), and late September-early October (to aid in the detection of multiple cropped acreage). Landsat MSS 1:1 000 000 scale color transparency images were obtained as available from the U.S. Geological Survey's EROS Data Center at Sioux Falls, SD. Single data coverage of Cali fornia requires all or portions of thirty Landsat MSS scenes. Multidate coverage for the project required analyses of 80 scenes. The images were enlarged to 1:150 000 scale and in terpreted manually. Interpretation criteria included a basic assumption applicable to the arid and semiarid environment of California. That is. if a crop is growing in mid-summer, as characterized by a high infrared response or **red" color in the standard color composite, it must be irrigated. Other characteristics for irrigated land interpretation included the seasonal pattern, color, texture, shape of fields, and loca tion. The mid-sumer acquisition was used as a base date to make a first-order estimate of irrigated area. This base date was supplemented by spring and fall acquisitions to pick up early grains and possibly multicrops. Image interpretation was performed on a county basis at the University of California at Berkeley and Santa Barbara remote sensing laboratories.
Irrigated lands for the State were digitized and reduced to proportion data. Sample units that had been chosen for ground checking were located on the Landsat-generated map and also digitized for direct comparison with those areas mapped by CDWR.
D. Estimation, Results, and Evaluation
Landsat MSS-based and ground-based measurements were linked, using a linear regression estimator, to compute estimates of irrigated land and their associated errors. Estimates of land irrigated at least once during the 1979 growing season were produced by county, hydrologie basin, and statewide. A summary is presented in Table II .
When the sample frame was developed based on 1:1 000 000 scale Landsat MSS imagery, some areas within agricultural strata were delineated as non-agiculture (riparian, etc.) and excluded from the sample frame. Other areas such as the forested mountains were also placed out side the sample frame. During the Landsat MSS interpreta tion of large-scale imagery, patches of irrigated agriculture were delineated in these areas and are included in the irrigated land totals. The error statements presented in Table  II do not apply to those isolated areas as they were outside the sample frame. Any additional error associated with the outside acreage is likely to be small since only 3 percent of the statewide acreage fell within this category.
The statewide estimate was within ±1.74 percent relative standard error at the 99-percent confidence interval, well within the design goal of ±3 percent. Total irrigated acreage differed from estimates by the CDWR by only 0.4 percent at the state level. The design goal of ±3 percent at the 95-percent confidence level for the hydrologie basins was met for all basins in terms of absolute error. In terms of relative error (sample error as a percentage of irrigated area), the ±5-percent goal was met in all the major agricultural basins. These basins represented over 90 percent of the total and made to the original stratification scheme, were eval uated following the conclusion of the statewide inventory.
Rather than the seven strata used in the 1979 inventory design, the stratification scheme presented in Table III is recommended.
III. CONCLUSIONS
Given the fact that the 1979 irrigated lands inventory was a The optical portion of the electromagnetic spectrum (visible, near-, and mid-infrared) has received much of the attention in agricultural remote sensing in the past. Various forms of optical sensors (multispectral cameras, visible and infrared radiometers, mechanical scanners) have been used from a variety of platforms (ground, helicopter, aircraft, spacecraft). A systematic program of ground truth collection over a selected number of AgRISTARS test sites has also been conducted for the past few years. Separation of two sufficiently dissimilar crops (e.g., corn and soybeans) has been fairly successful with optical data, albeit using ob servations over a full growing season [1] , However, dis crimination between similar crops (barley and wheat, for example) has not been achieved with sufficient precision or accuracy.
Radio waves are generally recognized as a promising tool in crop separability [2] , [3] . In general, optical sensors respond to differences in the absorption coefficient of crop canopies (water content, amount of chlorophyll), whereas active microwave sensors are sensitive to structural and architectural attributes of crop canopies, in addition to their electrical properties. This may be an advantage in using an active microwave sensor to discriminate agronomically similar vegetation canopies, compared to optical remote sensors. This hypothesis remains to be tested in a controlled experimental environment.
The primary goal of the present research was to investigate the ability of active microwave remote sensors to accurately discriminate between agricultural crops and to empirically determine the sensor parameters most useful in crop sep arability. Specifically, the usefulness of multifrequency, multipolarization, multiangle airborne nonimaging radars 0196-2892/84/1100-O540$01.00 © 1984 IEEE
